Computer programming is regarded as a difficult subject at both school and university. There have been a vast amount of studies with a focus on identifying students' difficulties, common errors and misconceptions in programming, and on the development and design of instructional techniques that could potentially help students overcome these difficulties. Nevertheless, there are few studies that explore students' performance in programming under the prism of self-regulation theory. To this end, the current study considers girls' and boys' calibration and how it is related with their performance in programming, self-evaluation, and self-efficacy in computer science. Calibration is a measure of the accuracy with which people assess their confidence in their own performance. The results of our study suggest that boys feel significantly more efficacious in computer science than girls, as well as make significantly more accurate predictions (better calibrated) of their programming performance than girls. The implications of these findings for the current education practices are outlined and discussed.
INTRODUCTION
Learning computer programming is a task that requires effort, practice and resilience and can be characterised as an arduous journey where the learner encounters multifaceted problems. It is true that Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than the author(s) must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. Request permissions from permissions@acm.org. students who learn to program make lots of errors ranging from simple syntactic errors to deeper ones whose sources are often hidden and difficult to be identified and explained. While identifying students' common errors and misconceptions or misunderstandings is the focus of many research studies (e.g. [4, 7-9, 12, 17, 22] ), there is limited research that examines if and how students' programming performance can impact students' perceived ability (self-efficacy) in computer science in general and the role of students' calibration and self-evaluation abilities in computer programming; this pedagogical issue is of high importance. Calibration is a measure of the relationship between confidence in performance and accuracy of performance [24] .
The current study aims to address the above gaps by exploring the relationship between boys' and girls' performance in programming, self-evaluation, and self-efficacy in computer science and by investigating students' calibration in computer programming tasks and its potential relationship with the above variables. The main research questions of the study are the following:
• RQ1: Are boys better calibrated than girls in computer programming? • RQ2: Do boys feel more efficacious in computer science than girls? • RQ3: Does boys' and girls' self-efficacy in computer science correlate with their performance and self-evaluation in computer programming?
BACKGROUND 2.1 Self-efficacy
The concept of self-efficacy is situated in the social cognitive theory of Albert Bandura [2] who defines self-efficacy as "people's beliefs about their capabilities to produce designated levels of performance that exercise influence over events that affect their lives" [3, p. 71] . It is a central powerful belief about one's capability to accomplish and perform a task and designates the "mediation between social experience, individual thinking and behavior" and, thus, is a cognitive function that supports individual's behavior [5, p. 3] . Self-efficacy beliefs are shaped by the following sources: mastery experience, vicarious experience, verbal persuasion and psychological states [3] . Studies that evaluate students' self-efficacy beliefs in computer programming are limited. Ramalingam and Wiedenbeck [18] were among the first researchers to develop a self-efficacy scale (Computer programming self-efficacy scale, CPSES) for programming courses. Studies that explore students' self-efficacy in computer programming (e.g. [25] , [1] , [13] , [16] ) generate controversial results with some supporting self-efficacy's impact on students' performance while others fail to support this relationship.
Self-evaluation and Calibration
In addition to self-efficacy, self-evaluation is one of the central processes in self-regulation and it refers to the individual's evaluation of his/her performance [19] . These judgments must be as accurate as possible in order for the self-regulated process to be effective [26] . As a meta-cognitive judgment of an individual's perceived performance and the actual one on a task, calibration has a critical role in learning [19] . Specifically, calibration refers to the degree that (students') evaluations echo an actual performance. Measures of calibration that are usually used in research are the bias or "direction of the errors in judgment" and it is calculated by subtracting the actual performance from the students' self-evaluation score [15] [19, p. 29]. A zero bias indicates perfect calibration, a positive suggests overconfidence and a negative under-confidence [19] . The second measure is the calibration accuracy which is the extent of the judgment error and it is calculated by subtracting the absolute value of the bias score from its maximum possible value [19] . For instance, the calibration accuracy for a self-evaluation Likert scale (0 to 10) will range from 0 suggesting a complete inaccuracy to 10 suggesting complete accuracy. Accurate calibration is focal for functioning and it is important in meta cognition and, therefore, in self-regulation [21] .
METHODOLOGY
To explore the relationship between students' performance, selfevaluation on a programming test, self-efficacy in computer science and calibration, we employed a correlation and a causalcomparative group research design. The students were asked to solve 6 programming tasks and after that to respond to two 11-point (0-10) Likert-scale questions about their self-evaluation on the test (How do you think you did on the test from 0 to 10?) and their selfefficacy in computer science (How do you think you get on with the computer science course from 0 to 10?). These two questions were adapted from the study of Román-González et al. [20] who used the same questions to examine the relationship between computational thinking and students' self-efficacy perceptions on their performance in computational thinking tasks and about computers in general.
Participants
To answer the research questions of the study, we considered a homogeneous purposive sample. We were specifically interested in finding students who had experience in computer programming in any programming language. In total, 123 students from 7 different UK schools participated in the study, from which 98 were males and 25 were females 1 . 117 students were in 11th grade and 6 students in 12th grade. The programming tasks were written in C# and Python; 19 students completed the tasks written in C# and 104 in Python.
Instruments and Data collection
To collect the data, we created 6 programming exercises that included multiple choice questions, fill in the gaps, parson puzzles, and open-ended questions. All the questions had a fixed way of marking (0 to 10), decided between the researchers, and, thus, only one of the researchers involved in marking them. The data was collected through an online survey tool. The researchers had created two versions of the test, one in Python and one in C#, and the links to the test were distributed to the teachers. The teachers then gave the link to their students who completed the tasks during the computer science class under the supervision of their teachers.
Limitations
The main limitation of the study concerns the small sample size, especially the size of female participants. It should be noted that the number of girls who attend A level computer science courses in England is limited. For example, last year, girls represented 10% (816) of the students in UK that sat A level computing exams [23] . This impacted our ability to recruit female participants for our study. Nevertheless, in our sample, girls represent 20% of the participants and therefore we consider it as a good representative percentage for our purposes. The second limitation of the study concerns with the self-efficacy question. For our research, and based on Román-González et al.'s study [20] , we used an one-item question which was employed ad-hoc for the purposes of our study. Finally, the results presented here, could only be interpreted having in mind that these students have chosen to attend computer science courses. Thus, the findings do not generalise to other populations. Table 1 shows the descriptive statistics by gender and Table 2 presents the correlations between the examined variables. For the girls, the Pearson r correlation was used as the data were normally distributed while for boys the Spearman's rho. For boys, there is a strong and significant correlation between their performance and self-evaluation in the test (r s =.741, p=.000, r 2 =.549), a strong and significant correlation between self-evaluation of their test performance and efficacy in computer science (r s =.651, p=.000, r 2 =.423), and a moderate significant correlation between their performance and self-efficacy in computer science (r s =.499, p=.000, r 2 =.249). For With the calibration correlations, there is a strong, negative and significant correlation between girls' performance and calibration bias (r=.-839, p=.000, r 2 =.70) which is less intense for the boys (r s =.-483, p=.000, r 2 =.233).
RESULTS

Gender differences
To examine if boys or girls are better calibrated in computer programming and whether boys or girls are more efficacious in computer science we used the Mann-Whitney non-parametric test since boys' data were not normally distributed. The null hypotheses that we tested are listed below:
• H01: There is not a significant difference in students' performance between girls and boys.
• H02: There is not a significant difference in students' selfevaluation of their test performance between girls and boys.
• H03: There is not a significant difference in students' selfefficacy in computer science between girls and boys.
• H04: There is not a significant difference in students' calibration bias between girls and boys.
• H05: There is not a significant difference in students' calibration accuracy between girls and boys.
The results presented in Table 3 indicate that statistically significant differences are evident between girls' and boys' scores in the self-evaluation (U =793.0, z = -2.738, p = .006, d=0.24), the selfefficacy in computer science (U = 739.0, z = -3.107, p = .002, d=0.28) and the calibration accuracy (U = 916.5, z = -2.015, p = .044, d=0.18). Therefore, the null hypotheses H02, H03 and H05 could be rejected.
DISCUSSION
The first research question of the study referred to whether boys are better calibrated than girls in computer programming. The research findings suggest that boys indeed are better calibrated than girls in computer programming since the results were statistically significant. This finding suggests that boys make more accurate estimations of their programming performance than do girls. If we also look at their bias score, we can support that girls tend to underestimate their performance in comparison with boys. Similar studies conducted in other fields showed that boys (grade 5) tend to overestimate their achievements in regards with girls [6] who generally, tend to underestimate their performance [11] . Looking at research in mathematics education, the results are controversial with some studies supporting that boys are better calibrated than girls and others supporting no differences (e.g. [10] , [14] ).
The second research question was whether girls or boys feel more efficacious in computer science. The results indicate that there are significant differences between girls' and boys' self-evaluation and self-efficacy in computer science with boys scoring higher than girls. These findings suggest that 11th grade boys feel significantly more efficacious in programming and computer science than 11th grade girls even though there is no statistical difference in their actual performance. Askar and Davenport (2009) [1] have also highlighted the differences between females' and males' self-efficacy in programming and their study's result showed a statistically significant difference between the self-efficacy scores of male and female students with the latter being lower than the former.
The third research question was about correlations between the examined variables. Interestingly, when we examine the correlations between efficacy in computer science and the other variables per gender, it is obvious that the self-efficacy in computer science is highly correlated with self-evaluation in programming both for boys and girls. This indicates that as both boys' and girls' performance perceptions in programming tasks increase so does their efficacy in computer science. This is an interesting relationship as it may depict that students generalise their perceptions of ability from one part of computer science to the whole subject. Another important correlation is the negative significant relationship between performance and bias. In fact, this correlation is much stronger for girls (r=-.830) than boys (r=-.479) indicating that higher performance is associated with lower calibration bias (possible underestimations) both for girls and boys but it is much stronger for girls. Finally, a positive association between performance and self-evaluation as well as between performance and self-efficacy in computer science is only evident in the boys' population. This needs further investigation as it may be caused by a mediator variable. 
CONCLUSIONS
The current paper presents a correlation and causal-comparative group research study which examines gender differences and the relationship between 11th grade students' self-efficacy in computer science, self-evaluation, and calibration achievement. The results of the study suggest that boys are better calibrated in computer programming than girls and in addition feel significantly more efficacious in computer science than girls. The study indicates that girls tend to underestimate their performance which, in comparison with boys, was not correlated with their self-evaluations nor their self-efficacy in computer science.
The results highlight a difference between boys and girls which reflects the way they evaluate their capabilities and the confidence they have of their capacity to succeed in computer science courses and not their actual performance. This strongly suggests that imprecisions in self-judgments in programming may be a liability for 11th and 12th grade students, especially for girls, and may impact the perceptions of their abilities in computer science.
The results of the study suggest the need for further and more comprehensive investigation and analysis. From the perspectives of teachers, the findings highlight the importance of incorporating opportunities for enhancing students' self-efficacy in computer science courses and for self-evaluation in lessons, while monitoring them for any inconsistencies. From students' perspectives, this training will engage them with self-assessment opportunities that will help them evaluate their performance and capabilities more objectively, take control of their learning and become self-regulated learners.
Our next research goal is to further investigate factors (predictors) that influence students' perceived capabilities in computer science as well as to explore differences on the calibration ability and self-efficacy between low and high performing students, with the gender variable being a central part of this investigation.
